The aim was to comprehensively examine schoolbased tobacco policy status, implementation and students' perceived smoking at school in regard to gender-specific differences in smoking behavior. We conducted a multilevel-based study to assess two-level effects for smoking among 2350 grades three to six students in 26 randomly selected elementary schools in southern Taiwan. A series of multilevel models were analyzed separately for male and female students. The schoollevel variables appear to be related to smoking behavior in male students. Among males, the risk of ever-smoking was significantly associated with those schools without antitobacco health education activities or curricula [adjusted odds ratio (aOR) 5 6.23, 95% confidence interval (CI): 2.55-15.24], with a high perceived smoking rate (aOR 5 3.08, 95% CI: 1.41-6.72) and located in a mountainous region (aOR 5 2.53, 95% CI: 1.15-5.58). The risk of ever-smoking among females was significantly associated with those schools without antitobacco activities or curricula (aOR 5 3.10, 95% CI: 1.27-7.55). As compared with female counterparts, the specific school that the male students attended had a positive significant effect on the risk of being ever-smokers. The findings suggest that effective tobacco policy implementation should be considered in elementary schools that are currently putting children at the greatest risk for cigarette smoking, especially in regard to male students.
Introduction
Despite the adverse health consequences of cigarette smoking, smoking prevalence among youths has remained high in the United States [1] and in Taiwan [2] . According to the 2002 Taiwan National Health K.A.P. Interview Survey, the smoking population was listed at 4.89 million and 50.0% of the male and 5.8% of the female population smoked [3] . Thus, in comparison to most developed countries, the Taiwanese male smoking rate was found to be relatively high. Clearly, tobacco could be viewed as having had a quite hazardous impact on male Taiwanese adults. A high smoking rate among high school students was also reported, especially among males [2] . Moreover, another recently performed study in Taiwan [4] conducted on 1583 third and fourth grade students showed that 16% of male and 8.4% of female students were ever-smokers. This appears to indicate the existence of a wide smoking disparity according to gender among elementary schoolchildren that is in line with data at an older age.
The early initiation of smoking increases the likelihood of adult smoking dependence [5] . Nevertheless, most smokers start doing so in their early teens. The results of the Taiwan Global Youth Tobacco Survey [6] indicate that 27% of young adolescents have tried cigarette smoking and a third of these had their first cigarette before the age of 10.
The school environment itself has been considered to be an important social context for youth smoking behavior [7, 8] . In 1997, the government of Taiwan enacted the Tobacco Hazards Prevention Act, which includes the inhibition of tobacco use in schools, prohibition of tobacco use by children and minors and for schools to have classes about the health hazards of cigarette smoking to one's health [9] . Yet some schools did not implement a restrictive policy completely banning smoking on campus. In other words, a wide variation exists from school to school in terms of policy development and enforcement as to the prevention of students' cigarette smoking behavior [4] . The Taiwan National Health Interview Survey found that 41% of smokers begin to develop the habit while in school [2] .
In accordance with Flay's [10, 11] 'Theory of Triadic Influence' (TTI), factors from three different levels of context can influence youth risk behavior: (i) individual characteristics (e.g. age and gender), (ii) characteristics in the immediate social environment (e.g. friends and family members) and (iii) characteristics in the broader social environment (e.g. the school community). A large number of studies have examined the effect of individual psychosocial characteristics [12, 13] and social environmental characteristics that predict the onset of smoking, including exposure to smokers in the person's family, their peers and teachers [14, 15] . Only a few of the relevant studies here were found to have examined the relationship between school context and children's smoking behavior based on gender [4, 16] . None of the existing studies has examined the effect of school-level policy for tobacco control on the aggregate of gender-specific cigarette smoking among students at elementary schools. As a result, a better understanding of the major school-level policy factors that affect genderspecific smoking behavior would be useful for better policy formulation for tobacco control programs. The aim of this multilevel-based study was to comprehensively assess the impact of school-based tobacco policy status, its implementation and the student perceptions of smoking rates at school associated with gender-specific smoking behavior.
Methods
Data on the smoking behavior of elementary age children were obtained from the Control of School-aged Children Smoking Study (CSS) of 2008. The CSS was originally constructed based on the Theory of Triadic Influence so as to collect data related to smoking behavior of individual students, their families and peers and the schools that they attended. Both student and parental questionnaires designed for those at elementary schools in southern Taiwan were used in the survey to assess tobacco use behavior as well as its potential determinants among schoolchildren and their parents. In addition, the current status of school-based tobacco policies and program data was obtained from the School Staff Survey. The standardized self-administered survey questionnaires were developed by a panel of experts. They were reviewed by schoolteachers and the parents of the respective students in order to assess their face validity.
Sampling design
Cluster sampling was used, where the sampling unit is the school for this study. Elementary schools were randomly selected based on stratification into three geographic areas (urban, rural and mountainous areas). The mountainous school sample has ;30 students from third to sixth grade per school as compared with ;400 students in each rural or urban school. Ten mountain schools, eight rural H.-L. Huang et al.
schools and eight urban schools were therefore randomly selected from a list of elementary schools provided by the Education Bureau of Pin-Tung County. No randomly selected schools declined to participate in the study. All the third to sixth graders attending the selected schools were invited to participate in the study.
Student survey
The student survey contained 103 items adopted from other established measures in regard to tobacco [4, 17, 18] . To ensure that the content was understood by our respondents, the questionnaire was piloted in a convenience sample of third graders in Pin-tung. In order to enhance clarity and children age appropriateness, items were revised as needed according to the results of the pilot test. Members of the research team administered surveys to students in classrooms during the spring of 2008 academic year. The purpose and process of the survey was explained to each student who participated in the survey. In addition, a passive parental informed consent for participation in the study was obtained by all the participants so as to reduce the demand on schools and to increase participation rates. This consent procedure consists of sending a letter home with the child describing the study and asking parents or guardians to submit a signed form only if they did not wish their child to participate in the study. The parental questionnaire with letters of introduction and consent forms was sent home to parents with each student. Parents or the guardians of children were asked to fill out the parental questionnaire and place that in a sealed envelope to send back to the researcher. Both student and parental questionnaires were filled out with full anonymity.
School Staff Survey
School policy data were obtained from the School Staff Survey. The aim of the School Staff Survey is to investigate the current status of tobacco control policies in elementary schools. The survey was carried out on two staff members at each participating school, using self-completion questionnaires in 2008. Each school was asked to have one questionnaire completed by the head teacher or other senior administrator, as well as one by the teacher responsible for health education, as it is assumed that these individuals would know about the status of smoking policies at the school. Questions to staff concerning smoking policies include (i) policy status (Written policy/Informal policy/Uncertain policy), (ii) smoking restrictions [Smoking banned completely on school premises (indoors and outdoors)/Smoking permitted in restricted areas], (iii) the level of enforcement of smoking restrictions (Always enforced/Not always enforced) and (iv) health education related to tobacco, participation in smoke-free health promotion events, access to cessation programs and sanctions imposed on students smoking at school. Overall, fifty-two staff members (100%) completed the survey.
Participants
In sum, there were 2492 eligible third to sixth grade students at the 26 selected schools. The response rate of the original sample size that completed the questionnaire was 94%. The final student sample size for the study was 2350 from the various schools, with a similar number of 1213 boys (51.6%) and 1137 girls (48.4%) included in the study. The average age of the study sample student was 10.9 (61.2) years old. The average number of children that were sampled across the schools, i.e. in each, was 90 (min = 45 and max = 227).
Variables

Dependent variable
The analysis of student smoking behavior is based on the responses to one-item question where students were asked: 'Have you EVER tried cigarette smoking, even just one or two puffs?' The possible responses are (i) I do not smoke, (ii) less than one cigarette, (iii) less than 10 cigarettes and (iv) more than 10 cigarettes. Such cigarette smoking behavior was recoded with a value of either 0 or 1 representing never-and ever-smoking, respectively. Neversmokers were defined as those students who reported that they had never smoked a cigarette, Multilevel study of school policy and smoking not even a puff. Ever-smokers were defined as those who reported that they had smoked one cigarette or more. These classifications have been used by several national surveys [6, 19] .
Level 1: individual-level variable
All level 1 variables were derived from self-reported data obtained from the student survey. Family smoking was assessed by asking students two items: (i) if there is anyone living in the same household with you that smokes ('Yes'/'No') and (ii) how often do they smoke in front of you ('Always'/ 'Sometimes'/'Never'). Two items were used to measure closer friend smoking behavior: (i) if any of your closer friends are currently smoking (Yes/ No) and (ii) how often do they smoke in front of you (Always/Sometimes/Never).
The frequency of the perceived smoking as individual-level perceived smoking was gathered by one question on the survey: 'During the past 7 days, on how many days did you see smokers on school property, including smoking by teachers, administrators, school staff members, school visitors, and senior students?' Students responded to the question on a 5-point scale: (1) never, (2) 1 time, (3) 2-3 times, (4) 4-5 times and (5) more than 5 times. Although adolescents tend to overestimate the prevalence of smoking among peers, a study found that perceived smoking by friends was a stronger predictor of cigarette use than actual smoking by friends [20] .
Student drinking status was measured, this being queried as the frequency of alcoholic drinking within a month, from the question 'Have you ever drank alcohol before (even a mouthful, though foods containing levels of alcohol were excluded)?' The frequency of student drinking was evaluated using a 5-point scale marked from 1 to 5 ('Never drink'/'Rarely'/'More than once'/'Often'/'Drink daily'). Drinking behavior was recoded with a value of either 0 or 1 representing never-and ever-drinking, respectively. Consistent with previous studies [4, 17, 18] , students who answered never or rarely within a month were considered 'never'; they were considered 'ever' if they responded at least more than once within a month.
One question was used to gather student chewing status, asking them: 'Have you ever chewed betel nut before (even a single nut)?' The frequency of the students' betel nut use was measured using a 5-point scale ('Never chewed'/Rarely/More than once/Often/'Chew daily'). The main chewing status was classified into 'never-chewers' and 'everchewers' (coded: 0 = never and 1 = ever). Neverchewers were defined as students who self-reported that they had never chewed betel nut; Ever-chewers were defined as those who reported that they had chewed betel nut.
Level 2: school-level variable
For the purpose of analysis, schools were categorized using staff reports depending on the following: (i) attending a health-promoting school program (yes/no), (ii) having written policies on staff smoking or a written policy on student smoking (yes/no), (iii) having smoking restrictions on school premises for both staff members and students (yes/no) and (iv) having antitobacco activities or curricula implementation (e.g. education/ counseling) (yes/no).
School-level perceived smoking on school premises was created by aggregating self-reported data obtained from the student survey within each school to represent an average level of the construct for each school (that is the mean of student perceived smokers within each school). One question was used here: students reported if they had ever saw smokers on school property during school hours. Classification of the schools was based on the mean of student perceived smokers within each school. The 25 percentile of smoking prevalence across the schools was 59 (min = 44 and max = 94). Therefore, schools were grouped into two categories according to the following. A 'High-prevalence School' is defined as a school that had a >59% of perceived smoking prevalence and a 'Lowprevalence School' had a <59% of perceived smoking prevalence (coded: 0 = low-rate schools and 1 = high-rate schools).
The schools' geographic location was based on the urbanization level ('Urban'/'Rural'/'Mountain') H.-L. Huang et al. 
Statistical analysis
We conducted a multilevel logistic regression analysis (MLRA; synonymous with hierarchical regression) to examine two levels of explanatory variables (student and school level) on the log odds of students' cigarette use behavior by using STATA Version 10.0 [21] . These analyses were conducted separately for male and female students.
Recently, the multilevel model has been used to examine school-level characteristics and individual risk behavior [4, 8, 18] . Multilevel analytic techniques take into account the hierarchical data structure where individual cases are nested in higher level groups (i.e. students nested within schools). The aim of this analysis is to identify how much variation in smoking prevalence there was between schools and then to identify whether this interschool variation was caused by differences in the composition of elementary schools, as represented by the school-level variables or by student-level variables. With these models, the level of differential in the dependent variable (tobacco use in school-age children) is attributable to individual circumstances and how much the effect of the cluster (the school attended) was examined.
In the MLRA, we employed Stata's gllamm (Generalized Linear Latent and Mixed Models) software of Rabe-Hesketh et al. [21] to fit random-intercept logistic models. The default estimation method is the maximum likelihood with adaptive quadrature. We used the 'latent variable method' supported by Snijders and Bosker [22] to compute the intraclass correlation (also termed variance partition coefficient). A two-step modeling procedure [7, 23] was used for both male and female students. In
Step 1, a model tested whether there were school-level differences in the odds of being an 'ever-smoker'. In Step 2, the MLRA model was used to examine the direct effect of school-level and student-level characteristics that influence smoking, while adjusting for other confounding factors. A series of multilevel models were estimated [24] : (i) a model with no explanatory variable, (ii) a random-effect model with school-level variables, (iii) a random-effect model with student-level variables and (iv) a random-effect model with both student-and school-level variables. The proportion of reduction in variance (additional variance explained) was calculated to estimate the ability of the models to explain the variability in tobacco use prevalence across schools. Both univariate and multivariate logistic regression models were estimated in order to assess the unadjusted and adjusted association, respectively, of the smoking status of family and friends, as well as school-level variables with respect to individual smoking behavior for both male and female students. Table I provides the individual-level characteristics of the 2350 study population arranged according to gender. Of the total analytic sample, 17.9% of male and 9.2% of female students were found to be ever-smokers. This result indicated that male youths are approximately 2-fold significantly more likely to report smoking than their female counterparts. More than two-thirds of the sample reported having family members who smoked in their home and males reported having significantly higher peer smoking rates than females (28.2% versus 18.5%). Among this sample, student perceived smokers in school were distributed relatively evenly according to gender.
Results
Student-level characteristics by gender
School-level characteristics
Staff member reports indicated the status of smoking policies, smoking restrictions, antitobacco activities or curricula (e.g. education/counseling), as well as the perception of smoking prevalence in the schools, as presented in Table II . Twenty-three schools (88.5%) had the health-promoting school program. Seven schools (26.9%) had a written policy about staff member smoking and 11 schools (42.3%) had a written policy about student smoking. Analysis of smoking restrictions showed that 22 schools (84.6%) had banned smoking by staff members or students on school premises. Twentytwo schools (84.6%) had implemented antitobacco activities or curricula during the study year. Overall, 7 (26.9%) and 19 (73.1%) schools were, respectively, grouped into low-prevalence schools and high-prevalence schools.
Multilevel models of ever-smoking behavior according to gender
In Step 1 modeling, significant random variation between schools was identified in male ½r 2 l0 =1:665ð0:575Þ; P<0:05 and female students ½r 2 l0 =1:378ð0:523Þ; P<0:05. Between-school differences accounted for approximately 33.6 and 29.5% of the residual variance in smoking for males and females, respectively, indicating that the school cluster is very important for both genders.
The MLRA model was thus used in order to examine the direct effect of school-level and H.-L. Huang et al.
student-level characteristics that influence smoking, while adjusting for other confounding factors.
Sequences of multilevel models tested were arranged according to gender as showed in Table III . Tables IV and V shows the adjusted odds ratios (aORs) from the MLRA, which assesses the adjusted association for smoking for male and female students, respectively. Among males, adding school-level factors reduced residual variance in tobacco use by 72% (Model B); this change was not explained by individual-level characteristics (Table IV) . Among female students, adding schoollevel factors reduced residual variance in tobacco use by 87% (Table V) .
The model was controlled for student-level characteristics, while examining school-level characteristics (Model D and Model H). Among male students, the risk of ever-smoking was significantly correlated to those schools without antitobacco activities or curricula implementation [aOR = 6.23, 95% confidence interval (CI): 2.55-15.24], with high perceived smoking rate (aOR = 3.08, 95% CI: 1.41-6.72), and to schools located in The classification of the school based on the mean of the student perceived smokers within each school. A school is classified as a 'High-rate school' and 'Low-rate school' if it had an >59 and <59%, respectively, of perceived smoking rates at school. Multilevel study of school policy and smoking The proportion of the variation in ever-smoking status explained by a model with more terms will be calculated the percentage of additional variance explained as function:
where V 0 = variance of the initial model and V 1 = variance of the model with more terms.
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Multilevel study of school policy and smoking a mountainous region (aOR = 2.53, 95% CI: 1.15-5.58) as compared with their counterparts (Model D). In Model H, the risk of ever-smoking among female students was significantly associated with those schools without antitobacco activities or curricula implementation (aOR = 3.10, 95% CI: 1.27-7.55). School-level perceived smoking or school location was not significantly associated with smoking behavior among females, as presented in Table V . In multilevel models, school-based tobacco policy status, smoking restrictions or whether a school was health promoting were not found to be significant predictors for both genders. Model D (Table IV) revealed that among male students, the other characteristics deemed to be significantly related to student smoking were family always smoked in front of him (aOR = 1.99, 95% CI 1.14-3.47) and closer friends always smoked in front of him (aOR = 6.29, 95% CI 3.22-12.29). Girls with a closer friend who smoked in front of her were more likely to smoke (aOR = 8.07, 95% CI: 2.65-24.59), but family smoking was not a significant factor here (Model H, Table V ). The effect of individual perceived smoking in the school environment on ever-smoking behavior in male students is significant. Males perceived others smoking one to three times a week and more than four times a week in school are, respectively, 2.49 and 3.14 times more likely to smoke as compared with their counterparts.
Other observed student-level characteristics having a significant relationship to male student smoking were ever-drinking alcohol (aOR = 3.02, 95% CI: 1.82-5.03) and ever-chewing betel nut (aOR = 3.27, 95% CI: 2.04-5.23). As compared with neverchewers, girls who reported to have tried chewing had the greatest risk of becoming an ever-smoker (aOR = 4.99, 95% CI: 2.68-9.30), but drinking was not a significant factor.
Discussion
The data presented here suggest that the actions taken to address health education activities or curricula related to tobacco control in southern Taiwan's elementary schools have a greater impact on ever-smoking behavior than general tobacco and health policies. The presence and status of a school general tobacco policy, smoking restrictions or attending health promoting school programs appeared to be unrelated to student smoking behavior. However, ever-smoking was significantly different among students in schools that reported no health education or counseling related to tobacco as compared with those with such a policy for both genders. Consistent with the previous study [25] , smoking rates were lower at schools that provided education or counseling for students. Reviews of adolescent tobacco control and intervention programs suggest that the implementation of policy plays an important role in creating a supportive stable environment that reinforces smoking prevention education [26, 27] .
Like many other developed countries, Taiwan legislation prohibits the sale of tobacco products to minors and these regulations are actively enforced on school campus. In addition, many schools have comprehensive tobacco control interventions, including cessation and prevention programs and policies that ban tobacco use on school property. However, there is limited evidence with respect to the effects that antitobacco activities conducted in schools have on the prevention of smoking initiation of elementary students. The most important finding of this study is that the elementary schools surveyed that did not have antitobacco activities or curricula in place had a higher percentage of students who were eversmokers and in a similar degree for both boys and girls. It is hoped that the results of this study will encourage elementary schools to develop various antitobacco campaigns. Our conclusions also imply that a government should allocate more funding and/or resources to the educational system, especially to the primary schools, if a nation is committed to the further reduction of smoking prevalence for its people.
The influence of the school environment: gender differences
Our study found that all school-level variables appear to be related to smoking behavior in male students. Among such students, the risk of ever-smoking H.-L. Huang et al.
was found to be significantly associated with those schools without tobacco-related education activities or counseling, with high perceived smoking rates and located in a mountainous region, whereas the risk of ever-smoking among girls was significantly associated with those schools without tobaccorelated education/counseling.
The link between students' perception of the prevalence of smokers at school and their smoking status was different for male and female students. Our study found that the students' perception of smoking prevalence in the school setting appears to be related to student smoking behavior in male students. In addition, a male who attended a school with a high student perception of smoking prevalence was found to be more likely to report smoking behavior as compared with those who attended a low smoking prevalence school. No such significant association was observed for their female counterparts. Consistent with existing studies [4, 8] , these findings suggest that a school with a higher percentage of smokers among school staff members or among senior students may increase students at risk for smoking as early as in elementary school. Previous studies have shown that schools with antismoking policies have a reduced probability of student exposure to teachers who smoke in school [28] as well as a significantly lower prevalence of student smoking [25, [29] [30] [31] .
The use of student perceptions on the prevalence of smokers at school provides additional information about children's perception of enforcement on school smoking restrictions. A study showed that the existence of a smoking ban at school had little effect on the reduction of smoking prevalence unless it was strongly enforced [32] . A similar result was found in 15-year-old school students, where consistent enforcement of smoking restrictions was associated with significantly lower levels of perceived smoking practices in school [33] . Our study showed that most of these schools have a rule against smoking on campus but may still allow staff members and visitors to smoke in a designated area, where students would be potentially exposed to the smoking behavior. Having a ban on smoking in schools by teachers is associated with fewer students having reported a perception of teacher smoking [33] . Thus, a strict smoke-free school policy should be enforced at all schools in order to discourage students from becoming smokers.
School location is a predictor of male eversmoking student behavior. Thus, male students attending the mountain schools had a greater likelihood of being an ever-smoker than students attending city schools. Research shows that there is a disparity in geography and smoking in Taiwanese cities and counties [17] . Cultural practices may contribute to the aggregation of smoking behavior in mountain schools. The distinct sociocultural patterns and custom differences for aborigines of Taiwan may be related to the higher prevalence of risk behaviors as compared with the general population [34, 35] . Thus, children from mountainous areas may be more predisposed to smoke. The aboriginal culture of cigarette smoking permissiveness may have created an environment conducive to smoking, such as was reflected in the finding that elementary schoolchildren attending mountain schools were more likely to smoke cigarettes than those attending city schools.
The influence of socioenviromental factors on students
The smoking status of close friends, for both genders, appeared to be a stronger predictor than the smoking status of the respective student's parents. This is consistent with previous research among elementary students [4, 7] . A paper on the predictive impact of peer and parental smoking behavior on 15 604 adolescents in six European countries suggests that adolescent smoking behavior is most closely related to the behavior of the best friend and is only moderately related to parental smoking behavior [14] . Elder et al. [36] has concluded that the strongest predictors of ever-smoking in fifth-grade children were 'key people in the social network' including friends and siblings. A survey conducted in Taiwan found that 41% of the population develops the smoking habit in school and that 76.9% smoked their first cigarette as a result of peer pressure [2] .
Multilevel study of school policy and smoking Furthermore, findings in our study indicate that cigarette smoking is related to alcohol drinking and betel-quid chewing among elementary schoolchildren. Here, smoking and betel-quid chewing were found to have the strongest association. These findings were consistent with a study conducted by Huang et al. [17, 18] , showing a strong relationship between the use of betel-quid and cigarette smoking. The habit of chewing betel quid still has social acceptance in Taiwanese society [34, 37, 38] . A recent survey showed that 8.5% of those in Taiwan aged 18 years or older were current areca/betel-quid chewers [39] , meaning approximately 2 million habitual users (10% of the population) [40] . In Taiwan, 18 is the legal age of purchase for tobacco and alcoholic beverages; however, there is no age limit to restrict access to children and youths to betel nut. Our findings further suggest that multifaceted intervention strategies are needed that consider the joint effects of smoking, drinking and chewing among elementary schoolchildren.
There are some major limitations with respect to the presented study. First, since this was a crosssectional study, a causal relationship cannot be claimed. Second, both surveys relied on selfreports; thus, these data were subject to report bias. However, some studies have shown that selfreported data are valid and reliable when the individuals' privacy is protected [41, 42] and our survey guaranteed privacy due to its anonymous nature. Third, we created a school-level variable that was based on student perception of smokers in the school environment and did not measure the actual smoking prevalence in the school. Further research on the relationship between actual smoking prevalence and perceived prevalence in a school environment and student smoking behavior is recommended. Fourth, the brief staff surveys that were conducted may not accurately capture the degree of enforcement of smoking policies, which (consistent with Bonnie's [43] theorizing about effective policy) are worthless without effective enforcement. Lastly, the fact that a limited number of female ever-smokers were collected is a research limitation. It may hinder the clear conclusion. Our results show that the specific school that the male students attended had a positive significant effect on their risk of becoming ever-smokers as compared with their female counterparts. However, due to limited sample size in the female group, this conclusion must be made in a guarded manner and needs to be verified by future research.
In conclusion, male students attending the 'Education/counseling' schools, 'Low-prevalence' schools or 'City' schools were found to be less likely to report their ever-smoking behavior. The findings suggest that effective tobacco control and preventive programs should be strongly considered for implementation in elementary schools that put children at the greatest risk of cigarette smoking, especially in regard to the male student population.
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